For discrete networked control systems (NCSs) with random and bounded network transmission delay, sufficient conditions which make state-feedback NCSs asymptotically stable are derived by the Lyapunov-Krasovskii functional and linear matrix inequality (LMI). By matrix transformation, sufficient conditions above are converted to controller design methods which make the state-feedback control system asymptotically stable. The simulation proves that the system conservativeness is reduced.
INTRODUCTION
Network transmission delay is the main factor degrading the performance of NCSs and even destabilizing the NCSs and is also the source making the analysis and synthesis of NCSs more complex and difficult. In essence, NCSs is a kind of time delay system and its time delay is uncertain and time-varying, therefore, the related theory of time delay system can be used to analyze and synthesize the NCSs.
Lyapunov-Krasovskii's laws [1] [2] [3] [4] is the most commonly used method for stability analysis of time delay systems. Compared with usual Lyapunov-Razumikhin's laws [5] [6] [7] , Lyapunov-Krasovskii's laws use Lyapunov functional to replace traditional Lyapunov function in order to obtain sufficient conditions for stability of system, which can effectively reduce the conservatism of stability margin, that is, the upper bound of the maximum allowable network transmission delay is obtained [8] [9] [10] .
Lyapunov-Krasovskii'laws are used to study stability of the state feedback NCSs [3] . More concise Lyapunov functional and stronger upper bound constraints with less conservative are adopted [11] , meanwhile, given parameters in advance are not necessary compared with the methods provided by literature [3] . On the basis of the above work, the stability analysis method and stabilization strategy of continuous time NCSs are extended to discrete time NCSs in the paper. 
_________________________________________

MATHEMATICAL DESCRIPTION
The following lemma is necessary. Lemma [11] : Assume that we have vectors a , b and matrix N of appropriate dimension, for any matrices X , Y and Z satisfying matrix inequation
There will exists following inequation , ,
Considering the following discrete system 
, where  is the upper bound of the total network transmission delay. Based on the above discussion of network transmission delay, the state feedback control law has the following form
Where F is controller with appropriate dimensions. By considering controller described by formula (2) and control plant described by formula (1), mathematical description of state feedback discrete NCSs is obtained ( 1) ( ) (
Formula (3) is the research object of this paper.
STABILITY ANALYSIS OF STATE FEEDBACK DISCRETE NCSS
The sufficient conditions for the asymptotic stability of the state feedback discrete NCSs are given in the form of theorem and proved in this section.
Theorem 1: For state feedback discrete NCSs described by formula (3), if there exists symmetric positive definite matrices P , Q , S , a symmetric matrix M and a matrix Y satisfying the following LMIs 
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Then the state feedback discrete NCSs described by formula (3) can be asymptotically stabilized via control laws F , whenever network transmission delay satisfying ( ) 
Besides, P , Q and S are symmetric positive definite matrices. By simply calculating based on formula (6), the following conclusion is gotten easily.
By calculating the difference for Lyapunov functional (6), we get the following equations.
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Where ˆ=(
At the same time, we consider the following zero equation
Let's left multiply both sides of equation (11) 
Based on above lemma, for given symmetric matrix 11 12 21 22
satisfying the following inequation
We have following inequation
Combine equation (8) , equation (9) , equation (10) and inequality (14), we can get the upper bound constraint inequality
When the asymptotic stability of the control system is considered, it is not necessary to introduce external disturbance, that is, ( ) 0 k   . The state feedback discrete NCSs described by the formula (3) can be changed into the following form 
Based on Lyapunov stability theory, the state feedback discrete NCSs described by formula (3) can be asymptotically stabilized via control laws F when inequality (17) is satisfied. So far, the theorem is proved.
STABILIZATION STRATEGY OF STATE FEEDBACK NCSS
Asymptotically stable state feedback controller design strategy for discrete NCSs is given and proved in form of theorem in this section.
Theorem 2: For state feedback discrete NCSs described by formula (3), If there exists symmetric positive definite matrix P and S  , symmetric matrix 11 12 21 22
satisfying the following LMIs. 
Then the state feedback discrete NCSs described by formula (3) can be asymptotically stabilized via control laws F GP  , whenever network transmission delay satisfying ( ) 
. Proof: By equivalent transformation of matrix inequality (17) and using Schur complement property [12] , we get the following equality. 
Inequalities (20) and (4) are both left and right multiplied on both sides by following matrices respectively. 
Introduce the following definitions For the same system, the state feedback controller using theorem 2 is designed and the impulse response curve is shown in Figure 3 . And the network transmission delays is between 2 and 5 sampling periods in Figure 3 .
Obviously, the controller designed by theorem 2 takes less time to return to balance position. And simulation results also prove that controller designed by theorem 2 reduces the conservatism of the stability margin than the method in Figure  1 .
CONCLUSION
State feedback discrete NCSs with uncertain and bounded network transmission delay is modelled and the mathematical model is established. And then, The stability analysis of discrete NCSs is carried out, and the design method of state feedback controller making system asymptotically stable is given. Finally, the simulation proves the feasibility and superiority of the method to design state feedback controller.
